A total of 17 typical and atypical enteropathogenic Escherichia coli (EPEC) were isolated from 396 children with and without diarrhoea. Out of 12 EPEC isolates from patients with diarrhoea, 3 (25 %) were atypical EPEC while 9 (75 %) were typical EPEC. It was observed that atypical EPEC strains had colonized the intestines of healthy children and its isolation rates were higher in healthy children than in children with diarrhoea. Interestingly all of the atypical EPEC isolates carried a megaplasmid, mostly comparable with the size of EPEC adherence factor (EAF) encoding gene but no virulence gene was detected in this megaplasmid. Studies also indicated that multidrug resistance EPEC are emerging and all the atypical EPEC strains showed significantly less resistance to all antimicrobial agents used in this study than typical EPEC. This study also supports the opinion that Shiga toxin-producing E. coli does not pose a major threat to human health in India. Subtyping analysis reveals that eae-a1, eae-b2 and eae-l could be common EPEC subtypes prevalent in children with diarrhoea in Delhi. The present study is believed to be the first report of the detection of atypical EPEC from children without diarrhoea and records of isolation of eae-c1, eae-c2 and the rare eae-l subtype in India. The data also indicated that typical EPEC are a common cause of diarrhoea and atypical EPEC are emerging as colonizers of the intestine of children with and without diarrhoea in Delhi and the National Capital Region, India.
INTRODUCTION
Enteropathogenic Escherichia coli (EPEC) is responsible for a large number of cases of infantile diarrhoea in several developing countries (Nataro & Kaper, 1998) . The central mechanism of EPEC pathogenesis involves an attaching and effacing (A/E) lesion, which is characterized by microvilli destruction, intimate adherence of bacteria to the intestinal epithelium, pedestal formation and aggregation of polarized actin and other elements of the cytoskeleton at the sites of bacterial attachment (Nataro & Kaper, 1998) . The eae gene, which is located in the LEE (locus of enterocyte effacement) pathogenicity island, and the bundle forming pilus (bfpA) gene, located on a plasmid called the EPEC adherence factor (EAF) plasmid, have both been used for identification of EPEC and for the subdivision of this group of bacteria into typical and atypical strains (Nataro & Kaper, 1998) . E. coli strains with the A/E genotype (eae + ) that harbour the EAF plasmid (bfpA + ) are classified as typical EPEC. Strains with the A/E genotype that do not possess the EAF plasmid (bfpA 2 ) are classified as atypical EPEC. E. coli strains with the eae + genotype that harbour Shiga toxin genes (stx1 and/or stx2) are classified as enterohaemorrhagic E. coli. For many decades typical EPEC was the main bacterial pathogen in infants in developing countries. However, recent studies in Brazil and Iran have shown a decrease in their isolation rates and an apparent increase in the frequency of atypical EPEC (Franzolin et al., 2005; Regua-Mangia et al., 2004; Rodrigues et al., 2004; Trabulsi et al., 2002; Bueris et al., 2007; Alikhani et al., 2006) and also that they have been isolated from children without diarrhoea, though the role of this latter group in diarrhoea has not been established as yet. In one of the reports from India, Wani et al. (2006) isolated 78.26 % atypical EPEC from total EPEC isolates from the faecal specimens of diarrhoea patients in the Kashmir valley. Differentiation of intimin alleles represents an important tool for Shiga toxin-producing E. coli (STEC) and EPEC typing in routine diagnostics, as well as pathogenesis, epidemiological, clonal and immunological studies. The C-terminal end of intimin is responsible for receptor binding, and it has been suggested that different intimins may be responsible for different host-tissue cell tropism. Ramachandran et al. (2003) developed an intimin typing PCR-RFLP scheme that reliably differentiates 14 intimin variants. In this study instead of PCR-RFLP, the 39 region of the intimin gene was sequenced and aligned with all the reported intimin subtypes to determine the intimin subtypes of our isolates. The present investigation deals with the prevalence of atypical EPEC from diarrhoeagenic faecal samples from patients under 5 years of age, examining the occurrence of atypical EPEC in children without diarrhoea, detection of plasmids from the atypical EPEC, establishing the drug-resistance pattern of the EPEC isolates and 39 sequence analysis of eae gene to reveal the relationship of intimin subtype with diarrhoea.
METHODS
Sampling and isolation of E. coli. Over more than 2.5 years, from June 2005 to May 2008, 296 unduplicated human faecal samples from sporadic cases of diarrhoea (only 1 per patient) were collected from inpatients and outpatients under 5 years of age from Guru Teg Bahadur Hospital (East Delhi), Majidia Hospital (South Delhi) and Chacha Nehru Bal Chikitsalaya Children's Hospital (located in East Delhi). The patient population who attended the above-mentioned hospitals comprised mainly individuals from Delhi and the National Capital Region (NCR). For a control study, 100 faecal samples were also collected from children below 5 years of age who had not been suffering with diarrhoea for at least the past 4 weeks. Stool samples were immediately inoculated into EC broth (Himedia), incubated overnight at 37 uC and then subcultured on MacConkey agar (Himedia) to select E. coli isolates. As a rule two or three lactosefermenting colonies (Bueris et al., 2007) , presumed to be E. coli based on colony morphology, were selected and inoculated (lawn culture) on nutrient agar for DNA extraction. Colonies were confirmed as E. coli using standard microbiological methods. The motility of all E. coli isolates was checked microscopically by the hanging drop method.
Extraction of bacterial DNA. DNA for PCR templates was obtained from 2-3 cm streaks of bacterial growth on nutrient agar plates. The cell growth was suspended in PBS, pelleted and resuspended in 200 ml sterile MilliQ water. Bacterial DNA was extracted by boiling for 10 min using a water bath. The lysate was centrifuged and the supernatant was used directly as a DNA template for PCR.
PCR. Screening for the presence of eae, stx1 and stx2 genes in the bacterial strains was carried out by PCR assay using specific reported primers as shown in Table 1 . All PCR-positive strains were purified by single colony isolation and retested for the presence of the corresponding gene. Isolates with eae + , stx1
2 and stx2 2 genotypes were further examined for the presence or absence of bfpA, EAF and astA genes. All PCR assays in this study were carried out in a 25 ml reaction volume containing 5 ml bacterial lysate, 200 mM dNTPs, 1.5 mM MgCl 2 , 0.5 mM each primer (Sigma Genosys), 1 U Taq DNA polymerase and 2.5 ml 106PCR buffer. The DNA samples carrying the relevant gene(s) served as a positive control in each reaction. DNA from DH5a was used as a negative control. Primers, cycling conditions and references are listed in Table 1 . For the detection of Table 1 . Primer sequences used for the detection of enteropathogenic and enterohaemorrhagic E. coli, by amplification of the 39 end of the intimin gene and the astA gene
GGTCGCGAGTGACGGCTTTGT 55 u C (60 s) 72 uC (60 s)
Antibiotic resistance, intimin type and megaplasmid the astA, stx1 and stx2 genes, amplification was carried out with 100 mM each dNTP. For all amplification reactions, the mixture was heated at 94 uC for 5 min prior to thermocycling. The mixture was held at 72 uC for 7 min after the final cycle. Amplified products were analysed by 1.2 % agarose gel electrophoresis and visualized by staining with ethidium bromide (0.5 mg ml
21
). PCR assays were performed in a gene amplification PCR system (Bio-Rad).
Amplification of eae gene 3 § regions. The 39 region of all eae positive strains was amplified by the PCR procedure of Ramachandran et al. (2003) with minor modifications of primers concentration, dNTP concentration and DNA preparation. A single forward primer (Eae VF) and three reverse primers (Eae VR, Eae Zeta VR and Eae Iota VR) were used to amplify an 834 to 876 bp fragment (fragment size differed depending on the variant amplified) representing the 39 variable regions (encoding the C-terminal Int280 amino acids) of all reported intimin variants. Bacterial lysate (5 ml), as a DNA template was prepared by boiling method as described; 100 mM each dNTP and 0.5 mM each primer were incorporated in this procedure. Primers and cycling conditions are listed in Table 1 .
Sequencing of the intimin gene. Amplified products were purified by PCR purification column (Bangalore Genei). The nucleotide sequence of the pure amplified products of five typical EPEC (102 PD, 159 PD, 216 PD, 258 PD and 283 PD) and six atypical EPEC (5 PD, 226-8 PD, C 42-5, C 48-a, C 84-a1 and C 100c1) was determined by the dideoxynucleotide triphosphate chain-termination method of Sanger. The nucleotide sequences determined in this study have been submitted to GenBank and assigned accession numbers FJ660912-FJ660916, FJ666093-FJ666096 and FJ666595-FJ666596.
Plasmid isolation. Strains with the A/E genotype that did not possess the EAF plasmid (bfpA 2 ) and Shiga toxin gene (stx 2 ) were tested for the presence of plasmids by the alkaline lysis method. Plasmids were further retested for the presence of EAF and astA genes by PCR.
Antimicrobial susceptibility test. All EPEC strains were analysed for their antimicrobial susceptibility pattern by the Kirby-Bauer disc diffusion method. Antibiotic discs (HiMedia) containing ampicillin (10 mg), amikacin (30 mg), ceftriaxone (30 mg), cephotaxime (30 mg), chloramphenicol (10 mg), ciprofloxacin (5 mg), co-trimoxazole (25 mg), furazolidone (50 mg), gentamicin (10 mg), nalidixic acid (30 mg), norfloxacin (10 mg), streptomycin (10 mg) and tetracycline (30 mg) were used in this study. The performance of this test was checked by employing E. coli ATCC 25922 as a standard quality control organism.
Alignment of nucleotide sequences. The nucleotide sequences determined in this study were analysed and aligned with reported intimin variants:
, xi (AM180621) and o (AJ876647). Multiple sequencealignments of the nucleotide, genetic distances and a phylogenetic tree were calculated and constructed with the CLUSTAL W program.
RESULTS AND DISCUSSION
Detection of EPEC EPEC is a major aetiological agent of infant diarrhoea in developing countries (Torres et al., 2005) . Studies from different countries have shown atypical EPEC to be significantly associated with endemic diarrhoea (Scaletsky et al., 1999; Vieira et al., 2001; Dulguer et al., 2003) or to be the cause of outbreaks (Viljanen et al., 1990; Hedberg et al., 1997; Yatsuyanagi et al., 2002; Jenkins et al., 2003) . Blanco et al. (2006) suggested that atypical EPEC strains could be a significant cause of human infections in Spain and confirmed that, in developed countries, atypical EPEC were more frequently isolated from patients with diarrhoea (5.2 %) than typical EPEC (0.2 %).
In this study, 296 E. coli isolates were recovered from 296 faecal samples from children with diarrhoea and 100 E. coli from samples from 100 healthy children without diarrhoea. Out of the 296 faecal samples from patients with diarrhoea, only 12 (4.05 %) samples showed the presence of the eae gene (Table 2 ) and were designated EPEC. The virulence profile of the EPEC strains is indicated in Table 3 . Out of 12 EPEC isolates from patients with diarrhoea, 3 (25 %) were devoid of the EAF plasmid and the bfpA gene, and were classified as atypical EPEC, while 9 (75 %) were found to carry the bfpA gene and were designated typical EPEC. Only three typical EPEC isolates were found to harbour the EAF plasmid gene (Table 3) . A summary of the pathotypes shown in Table 2 indicated that the majority of our EPEC isolates from diarrhoeagenic faecal specimens were typical. But Wani et al. (2006) isolated 23 EPEC strains from human faecal specimens from sporadic cases of diarrhoea in the Kashmir Valley in India, and reported that the majority of their 23 EPEC isolates were atypical. So it can be concluded that there is heterogeneity in populations of Indian EPEC isolates. Hence, further studies in different locations are required before arriving at any definite conclusion. 
detected 10 % atypical EPEC and 0.1 % typical EPEC from children with diarrhoea, whereas they detected 5.9 % atypical EPEC from children without diarrhoea. In India, Ballal & Ramamurthy (2007) and Anvikar et al. (2008) investigated the presence of diarrhoeagenic E. coli in non-diarrhoeal stool samples from children but there was no report regarding isolation of atypical EPEC from healthy children in India. However, we have detected 5 % atypical EPEC from faecal samples of non-diarrhoeic children and typical EPEC was not detected in nondiarrhoeic children, thus indicating that atypical EPEC colonized the intestines of children with and without diarrhoea. In contrast typical EPEC was detected in faecal samples of children with diarrhoea. This is a record of isolation of atypical EPEC from children without diarrhoea in India. The above-mentioned frequency of carrier EPEC isolates obtained from non-diarrhoeic children may be due to the selected population being mostly from poor socioeconomic backgrounds in Delhi and NCR. All typical and atypical EPEC isolates were examined for the presence of astA gene by PCR, as there is evidence of EPEC isolates harbouring astA gene (Blanco et al., 2005) , but none of the isolates were found to be positive for astA gene (Table 3) . In our studies, out of 17 eae-positive strains isolated from 396 children with and without diarrhoea, none were stx positive, suggesting that there is no threat of STEC in Delhi and NCR. This is also consistent with previous studies showing rare or no occurrence of STEC in humans in India (Gupta et al., 1992; Prasannan et al., 2001; Khan et al., 2002; Kumar et al., 2004; Wani et al., 2006; Ballal & Ramamurthy, 2007; Anvikar et al., 2008) .
Occurrence of megaplasmids
The megaplasmid isolated from different atypical EPEC isolates was analysed in agarose gels. All of the eight atypical EPEC isolates presented high-molecular-mass plasmid bands of 60 MDa and above (Fig. 1) . Lanes 3, 4 and 5 were loaded with plasmids of three atypical EPEC isolated from patients with diarrhoea, and lanes 1, 6, 7, 8 and 9 with plasmids of five atypical EPEC isolated from healthy children. Most of the strains carried plasmid bands of 60-65 MDa, which are comparable with the size of EAF. During PCR to detect reported virulence genes such as EAF and astA in the purified plasmid, it was observed that all the eight atypical EPEC strains were devoid of these genes, indicating that the megaplasmid does not harbour any virulence genes. It can be concluded that these megaplasmids may not have any role in pathogenicity.
Antimicrobial resistance pattern
Analysis of antimicrobial resistance patterns was performed for all typical EPEC and atypical EPEC isolates from children with and without diarrhoea. It was found that EPEC isolates were resistant to common antimicrobial drugs (Table 4) and all EPEC isolates, including 20 randomly isolated faecal E. coli (eae 2 , bfpA 2 and stx 2 ), were sensitive to amikacin. But amikacin is recommended as a reserve drug for hospital-acquired Gram-negative bacilli infection. Data on the susceptibility patterns of 20 randomly isolated faecal E. coli are not shown. All typical EPEC isolates were resistant to ampicillin, 66 % to cotrimoxazole, 88.8 % to nalidixic acid, 66 % to tetracycline and 55 % to furazolidone, and 56 % were sensitive to cephotaxime, ceftriaxone, ciprofloxacin, and 67 % to Perfeito et al. (2007) . So there is always a possibility of the emergence of resistant varieties of atypical EPEC if appropriate antibiotics are not used.
Sequence analysis of the 3 § variable region of the intimin gene
The C-terminal end of intimin is responsible for receptor binding, and it has been suggested that different intimins may be responsible for different host-tissue cell tropisms. Unlike Ramachandran et al. (2003) , in this study pairwise alignment of 39 intimin sequence with reported intimin subtype sequences was carried out to determine the intimin subtype (Table 3 ) of our isolates. Strains 5 PD and 159 PD belong to subtype a1, 283 PD and C 100-c1 to b1, 216 PD to b2, 102 PD and C 42-5 to c1, 226-8 PD and C 84-a1 to c2, 258 PD to l and C 48-a to k, as all have similarities ranging from 97 to 99 % with the corresponding reported intimin type (Table 3) . Phylogenetic tree (Fig. 2) analysis of these sequences with reported intimin genes revealed five groups of the closely related intimin genes among our isolates: (i) 5 PD, 159 PD and eae-a1; (ii) 102 PD, C 42-5, eae-c1, 226-8 PD, C 84-a1 and eae-c2; (iii) 258 PD and eae-l; (iv) 216 PD, eae-b2, 283 PD, C 100c1 and eae-b1; (v) C 48-a and eae-k. The intimin sequence analysis indicated that the intimin genes of EPEC isolates from diarrhoea patients are closely related to subtypes eae-a1, eae-b1, eae-b2, eae-c1, eae-c2 and eae-l, whereas intimin genes from healthy children were closely related to eae-c1, eae-c2, eae-b1 and eae-k. Blanco et al. (2006) analysed the subtypes of intimin genes from 110 EPEC isolates and none of the strains were found to be positive for eae-l. Ramachandran et al. (2003) studied distribution and relative frequencies of intimin subtypes among cattle, sheep and humans. They found the eae-l subtype in isolates from cattle but not from humans among 213 eae-positive E. coli strains from different hosts. Wani et al. (2006) carried out a subtype analysis in India of eae genes of EPEC isolated from children with diarrhoea, and identified one eae-a1, two eae-b, four eae-j and two eae-g, but they could not detect eae-l, eae-c1 and eae-c2, although they worked with samples collected from children in India; however, our study recorded the occurrence of eae-c1, eaec2 and the rare eae-l type from children in India.
It can therefore be concluded that typical EPEC predominates, and eae-a1, eae-b2 and eae-l could be common EPEC subtypes prevalent in children with diarrhoea in Delhi and the NCR. Studies on the antibiotic-susceptibility patterns revealed that atypical EPEC are emerging as colonizers of the intestines in children with and without diarrhoea, and appropriate usage of antibiotics is required to control the emergence of drug-resistant atypical EPEC strains. Although all the atypical EPEC harboured a megaplasmid with a size comparable to EAF, virulence genes were absent. Studies also A, Ampicillin; aEPEC, atypical EPEC; Ak, amikacin; C, chloramphenicol; Ce, cephotaxime; Cf, ciprofloxacin; Ci, ceftriaxone; Co, co-trimoxazole; Fr, furazolidone; G, gentamicin; Na, nalidixic acid; Nx, norfloxacin; S, streptomycin; T, tetracycline; tEPEC, typical EPEC.
indicated that STEC do not pose a threat to human health in India. Moreover, this is believed to be the first report of the isolation of atypical EPEC from healthy children, and also a record of the detection of eae-c1, eae-c2 and the rare eae-l subtypes from children in India.
